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0 Cathode ray tube. . 

© A cathode ray tube has an insulating layer formed at at least a part of the outer surface of a neck tube. 
CM The insulating layer is a layer obtained by coating and baking a sol prepared by dispersing one or two or 
<more metal alkoxides and metai salts in a hydrophilic oligomer state by adding water and an acid to a solution 
O having one or two or more metal alkoxides and metal salts dissolved in an organic solvent such as an alcohol 
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CATHODE RAY TUBE 

The present invention relates to a cathode ray tube. More particularly, it relates to a cathode ray tube 
having improved breakdown voltage characteristic. ' 

Figure 6 is a diagram showing a conventional cathode ray tube in a form of model, and Rgure 7 Is an 
enlarged side view of the neck portion of the cathode ray tube. 

5 A conventional cathode ray tube for TVs has been prepared by melt-bohding or bonding, with glass frit 
a panel 6. a funnel 3 and a neck tube 2 each being obtained by molding glass. The neck tube 2 houses an 
electron gun which emits electron beams by which a fluorescent layer coated on the inner surface of the. 
panel 6 is excited for luminescence through a shadow rnask. An Inner conductive coating 4 (a so-called 
"aquadag") Including graphite having good electric conductivity as the main component is coated on the 

70 inner surface of the funnel 3. The inner conductive coating 4 is also coated on the inner surface of the neck 
tube having a length of about 130 mm at a position of about 20 - 30 mm from the sealing portion 7 between 
the neck tube 2 and the funnel 3. In the conventional cathode ray tube, a voltage of about 30 KV is applied 
to the electron gun 1 in an ordinary state of actuation. At a switching time, a high voltage of about 60 KV is 
Instantaneously applied to the electron gun 1. Therefore, there has sometimes taken place a trouble of the 

75 breaking of the neck tube 2 at a portion near the end portion 5 of the Inner conductive coating due to the 
application of a high voltage as shown In Figure 7. In particular, a fault of breakdown voltage (an electric 
discharge, destruction of the neck tube and so on) was apt to occur at the end portion 5 of the inner 
conductive coating. Therefore, there has been a strong demand for a cathode ray tube having improved 
breakdown voltage characteristic. In order to improve the characteristic, there have been made such 

20 proposals that the formulation of glass for the neck tube 2 is changed in various ways, the thickness of the 
neck tube 2 is increased and so on. However, when the formulation of glass is changed, physical 
characteristics and other characteristics such as solubility and easiness of shaping glass are also changed, 
so that it is difficult to harmonize these characteristics. Further, an attempt to increase the thickness of the 
neck tube 2 results in restrictions to attach or detach a deflection yoke and to house the electron gun. 

25 There have been known that a rough surface is formed on the surface of the neck portion or coarse 
glass powder is melt-bonded to the outer surface of the neck portion as described in Japanese Unexamined 
Utility Model Publications Nos. 27716/1973 and 73858/1978. However, they aimed at Increasing the 
coercive force of the deflection yoke. 

It Is an object of the present invention to eliminate the above-mentioned problems and to provide a 

30 cathode ray tube in which an insulating layer is formed at at least a part of the outer surface of a neck tube. 
As the insulating layer of the present invention, a layer having a thickness of 10 - 1,000 um which Is 
obtained by coating glass frit followed by baking it at a temperature of about 440* C is preferably used. A 
layer having a thickness of less than 10 um is difficult to prepare and invites reduction in the breakdown 
voltage characteristic. On the other hand, when the thickness exceeds l.OOO um, there takes place a 

35 trouble in attaching or detaching the deflection yoke. 

Secondly, a layer of silica Is preferably used. The layer Is formed by spraying a liquid having 
tetrachlorosllane and a silicon compound having an alkyi radical of the formula Si(0C2Hs)4 and so on 
dissovled by an alcohol solvent such as ethyl alcohol and by baking It at a temperature of about 400 C. 
The tliickness of the silica layer is preferably 0.1 -300 um. The silica layer having a thickness of less 

40 than 0.1 um invites reduction in the breakdown voltage characteristic, on the other hand, the silica layer 
having a thickness of more than 300 um causes difficulty of forming. Since the silica layer has function to 
reduce the concentration of electric charges even though it is thin in comparison with the glass frit, the 
silica layer is effective to improve the breakdown voltage characteristic. When the silica layer is to be 
formed, a much amount of silica particles ("Aerosil" of a nearly true sphere) having a diameter of 100 A 

45 may be incorporated in order to form a thicker layer. 

As another type of insulating layer, a layer capable of reinforcing glass may be used. Namely, the layer 
is obtained by coating and baking a sol prepared by dispersing one or two or more metal alkoxides and 
metallic salts in a hydrophilic oligomer state by adding water and an acid to a solution having one or two or 
more metal alkoxides and metal salts dissolved In an organic solvent such as an alcohol. Since tiie layer 

50 thus prepared is a continuous glassy layer which is chemically bonded to a glass surface, and is sufficlentiy 
dense without microcracks. it reduces a rate of expansion of a crack due to a stress, -it reduces the 
concentration of a stress to an end of the crack, and prevents microcracks on the glass surface from 
growing. Accordingly, the layer preferably includes a metal oxide capable of chemically bonding an OH 
radical on the glass surface. As a precursor of the metal oxide, a combination of one or two or more metal 
alkoxides and metal salts such as nitrates, acetates, halides and so on may be used. Especially, silicon 
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alkoxides such as ethyl silicate can be effectively used. Further, as metallic elements as ttw maior 
imjonent of the precursor, elements such as Ti. Zr. Al. Na and so on which are capabte of produang a . 
glass material can be used. In order to obtain a continuous layer which is suffiaently dense and have rw 
microcrack it is desirable that a sol in a coat liquid is a hydrophilic oligomer sufficiently hydrolized. Further, 
when the layer is to be formed on glass, it is important to form a continuous dense layer by a heat 
treatment of a low temperature (usually 300* C - 470' C) lower than the strain point. When the layer .s 
formed by heating at a temperature lower than 470 C. a sealing operation of the panel by using gtess fnt 
can be simultaneously conducted and it Is unnecessary to use a step of annealing. Thus, .n order to form 
the layer by baking at a low temperature, it is desirable that the degree of polycondensation of ttie ethyl 
, silicate is still tow and sol particles having a diameter of 10 A - 100 A having a highly reactive surface are 

present in a coat liquid in a metastable state. . ■ ^ »,-.»,~h or a 

AS a coating method for coating a treating liquid on glass, a dipping method, a spraying method or a 
brush<oating method or the like can be selected. Although the- thickness of the layer is not particularly 
limited, a sufficient effect can be obtained as tong as it has at least several thousands A. When the 

s thickness of the layer is to be increased, a wet-on-wet coating method may be used. 

" Furth-er.-irorder to increase a reinforcing effect, the layer having a thickness of 1 0 urn or more may be 
formed by coating and baking a liquid prepared by dispersing fine metal oxide particles having an OH 
radical at the surface in the above-mentioned sol. As the fine metal oxide particles, a metal oxide having a 
high hardness such as Si. Al. Ti. 2n and so on is usually used. Since the main object of using the fine 

ffl particles is to increase the thickness of the layer, it is sufficient to use fine metal oxide particles having a 
hlQh hardness and density. Although the diameter of the particles is not particularly limited, the diameter of 
300 ' 600 A is usually used. Further, it is preferable that a large number of OH radicals are on the surface 
of the fine particles from the viewpoint of the wettable property and the chemical bonding property between 
the fine particles and the sol which functions as a binder. . . « 

« in order to increase the thickness of the layer as possible, it is preferable to use much amount of fine 
particles in comparison wrth the amount of the sol. When a layer having a. thickness of more than two times 
as the layer formed by the sol without adding fine particles is prepared, the fine particles are added to the 
sol at an amount of more than 30% to the amount of the sol. When the fine particles are added at an 
amount of more than two times as the amount of the sol. a binding function decreases and a strong ayer 

n can not be obtained. By the addition of the fine metal particles, shrinkage in the volume of the teyer 
resulted by the baking operation which controls the critical thickness of layer can be reduced. Further, 
formation of a thick layer is possible by only one coating operation because the concenfraton of a solid 
component and the viscosity are increased. In this case, the wettable property between the fine particles 
and the sol is a very important factor. If the wettable property is insufficient, pores will remain .n the layer. 

35 and the layer having a sufficient hardness can not be obtained. Accordingly, it is desirable that the sol is a 
hydrophilic oligomer having the wettable property to the particles having an OH radical. Use of a surfactant 

can further improve the wettable property. ■ ^ . 

Further, the layer may be one obtained by coating and baking a liquid haying fine metal oxide particles 
dispersed in a polysiloxane obtained by polymerizing a trifunctional alkoxide having an organic radica o 
^ the formula RSi (0R')3 wherein r' is a methyl radical or an ethyl radical and R is a methyl «du:al an ethyl 
radical or a phenyl radical), or in a polysiloxane obtained by copolymerizing said tnfunctional alkoxide wittl a 
bifuncttonal alkoxide of the formula R^Si (OR'h (wehrein R is a methyl radical or an ethy^ radical R e a 
methyl radical, an ethyl radical or a phenyl radical). The above-mentioned layer provides a flexible thick 
layer having a thickness qf S urn - 50 urn which could not be obtained by a conventional layer, of an 

45 inorganic material by using an organic radical. . _,. , ^ . ^ 

The trifunctional alkoxide or the bHunctional alkoxide having an organic radical reduces a sUess of 

shrinkage at the time of curing as the reactive SIGH density. decreases, and reduces a stress caused by an 
. increase of the mobility of a polymer chain in comparison with a tetrafunctional metal alkoxide such as 

methylsilicate. It is therefore possible to provide a layer having a thickness of 5 urn or more. Accordingly. 
50 commercially available trifunctional alkoxides such as alky I radicals, phenyl radicals glycjdox^^^^^ 

radicals as an organic radical are usable in order to torm a thick layer. An alkyi radical, especially a methy^ 

radical having excellent heat resistance characteristic (thermal decomposition characteristic) is most 

^'^'in^older to prepare stablly a thick layer having good heat resistance characteristic it is necessary to 
55 incorporate metal oxide particles at an amount of more than 20 weight % in the total ^oHd 0°^^^^^ 
Thus^ttie stress of shrinkage at the time of curing can be reduced, and temperature of decomposition erf an 
organic radical can be improved, whereby it is possible to prepare in a stable manner tje layer wiUiout 
causing peeling-off or occurrence of cracks within a temperature of 500 C. Further, the quality of dispersion 
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of the fine particles in the coat liquid is important with respect to the ability of forming the layer after 
coating. When the quality of dispersion of the fine particles is Insufficient, and the reaction between the 
trifunctional alkoxide having an organic radical and a hydrolized product is insufficient, there occur peeling- 
off and cracks in a drying step. Accrodingly, an improvement of the quality of dispersion of the fine particles 

5 by adding the surfactant influences the ability of forming layer. , 

The above-mentioned insulating layer is preferably formed on the outer surface of the neck tube so as 
to have a length of 10 - 50 mm around the end portion 5 of an inner conductive coating as the centeir as 
shown in Figure 7. Since the length of the neck tube Is generally about 130 mm, it occupies an area of 
about 8 40% in the outer surface. The breakdown voltage characteristic of the insulating layer can be 

10 improved by applying the layer at a region of at least 5%' of the outer surface area. 

The insulating layer may be formed before or after the, sealing of the neck tube to the funnel. However,* 
it is more preferable to form the insulating layer before the sealing of the neck tube with the funnel because 
excellent workability can be obtained and the baking operation for the insulating layer can be conducted at 
the same time of annealing the neck tube. 

15 In the drawings: 

Figures 1 - 5 show an embodiment of the cathode ray tube of the present invention wherein Figures 
1 and 2 are respectively cross-sectional view of a neck tube in which an insulating layer of glass frit or silica 
is formed: Figure 3 is a cross-sectional view showing a basic construction of a breakdown voltage testing 
device; Figures 4 and 5 are respectively graphs showing results of the measurement of the breakdown 
20 voltage; and 

Figures 6 and 7 show a conventional cathode ray tube wherein Figure 6 is a side view showing a 
cathode ray tube in a form of model and Figure 7 is a side view partly enlarged of a neck portion. 

Preferred embodiments of the cathode ray tube of the present invention will be described with 
reference to the drawings, 

25 In the present invention, an insulating layer formed on the outer surface of a neck tube provides more 
excellent effects than those obtained by merely increaseing the thickness of the neck tube. Further, defects 
such as microcracks in the surface of the neck tube can be compensated by coating the Insulating layer 
and the growth of the cracks can be prevented. Although the detailed mechanism and the function by the 
insulating layer of silica is not clear, it functions to disperse electric charges which tend to be concentrated 

30 at the end portion of an inner conductive coating because of the presence of an- OH radical at the surface of 
the insulating layer, and it seems to reduce the steep gradient of an electric field produced between the end 
portion of the inner conductive coating and glass. 

Several Examples will be described. However, the present invention is not limited to the Examples. 

35 

EXAMPLE 1 

m 

A layer of glass frit 12 was formed at the central portion of the outer surface of a neck tube 11 made of 
glass having the total length of 500 mm. The length of the layer 12 was 100 mm and the thickness was 

40 about 60 um. Figure 1 is a longitudinal cross-sectional view of the neck tube 11 with the glass frit layer 12. 
Both end portions of the glass frit layer 12 were at about 200 mm from both end portions of the neck tube 
11. The glass frit layer 12 was formed by coating a paste-like material obtained by dissolving a CTV sealing 
frit ASF 1307W (Asahi Glass Company Ltd.) in a vehicle, followed by baking it at about 440 *C. A voltage 
was applied to the neck tube 11 with use of an apparatus having the basic construction as shown in Figure 

45 3 and tests of breakdown voltage were conducted. As shown in Figure 3, an inner conductive coating 
(graphite) 14 was coated on the inner surface of the neck tube in an area from its upper end portion to a 
position of 260 mm in the downward direction so that a d.c. voltage { + V) was applied thereto. A conductive 
layer 15 was coated on the outer surface of the neck tube In an area from its upper end portion to a 
position of 240 mm - 340 mm in the downward direction, and the conductive layer 15 was electrically 

60 connected to the ground. The conductive layer 15 was same material as the inner conductive coating 14. 
Air in the neck tube 11 is evacuated to be a pressure of about 10"^ Ton- so that It was kept at the same 
vacuum condition as an ordinary cathode ray tube. 

Under various conditions (glass wall thickness, atmospheric temperature, voltage applied thereto, the 
presence or absence of the glass frit layer and the number of tested products), tests were respectively 

55 conducted on conventional products (No. 1 - No. 5) and a product by the present invention (No. 6). The 
entire length of the conventional products (No. 1 - No. 6) was 500 mm which was the same as that of the 
product of the present invention (No. 6). 
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Results of the tests are shown in Table 2 and a graph in Figure 4 respectively. 



Table 2 



70 



Thp> MfihiP in brackets indicates an average value of 
depth of broken wall of breakdown test products 


Breakdown voltage 


(KV) 


MIIM. 
(KV) 


MAX."2(KV)' 


1 (2.02) 


70.6 ' 


46.0 


100,0 or higher 


2(2.39) 


73.4 


48.0 


.100.0 or higher 


3 (2.98) 


78.0 


54.0 


100.0 or higher 


4 


64.0 


48.0 


80.0 or higher (electric discharge) 


5 


87.8 


70.0 


100-0 or higher 


6 


79.0 


70.0 


100.0 



75 



20 



25 



30 



35 



40 



45 



'1: V"is an average value 

"2: In a case of electric discharge, the maximum value when an electric discharge occured was 
obtained. In a case of 100 KV or higher, an average value was obtained under the condition that 100 
KV was a breakdown voltage. ' 
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in comparing the test product (No. 6) of. the present invention wi.th a conventional product (No. 3) which 
was prepared under the same conditions as the test product (No. 6) except that there was no frit glass layer 
12, the test product (No, 6) of the present invention showed an improvement of the breakdown voltage of 
only 1 KV in terms of the average value, while it showed an improvement of the breakdown voltage of 16 

KV in terms of the minimum value. . 

In the test under the condition of an atmospheric temperature of 200 C, the test product (No. 4) 
showed a reduction of a breakdown voltage of 14 KV in terms of the avarage value and a reduction of 6 KV 
in terms of the minimum value. The flactuation of the breakdown voltage value was reduced by about 30 KV 
(however, there took place an electric discharge). 

In the test product (No. 5) wherein 10 minutes are maintained for each voltage step, rt showed an 
improvement of the breakdown voltage of 9.8 KV In terms of the avarage value and 16 KV in terms of the 
minimum value in comparison with the other test products having a maintaining time of 10 seconds. 
Generally, although it is considered that electric charges are concentrated at the end portion of the inner 
conductive coating applied on the inner surface of the neck tube where a breakdown occurs, a tendency of 
the concentation of electric charges decreases and an apparent breakdown voltage strength is improved by 
increasing a voltage-maintaining time. The fluctuation of the breakdown voltage of the test product (No. 5) 
was about 30 KV. . 

Although the test products No. 1 - No. 3 showed a tendency that the breakdown voltage strength was 
improved as the glass wall thickness increases, it had an increasing rate in average value of 0.8 KV per 
glass wall thickness of 0.1 mm. The fluctuation of the breakdown voltage was about 50 KV for each of the 
test products. The test product (No. 6) of the present invention showed a remari<able improvement in the 
breakdown voltage characteristic in comparison with the conventional products except the test product No. 
6 to which a different voltage-applying method was applied, and showed excellent effect in comparison with 
that obtained by increasing the glass wall thickness. 
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EXAMPLE 2 

A silica layer 13 in a cylindrical form was formed on the outer surface of a neck tube 11 of glass having 
the entire length of 500 mm. The length of the silica layer 13 in the cylindrical form was 300 mm from end 
of the neck tube 11 and the thickness of it was about 0.1 urn. Figure 2 is a longitudinal cross-sectional view 
of the neck tube 11. The silica layer 13 was obtained by spraying a solution having a tetrachlorosilane and 
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10 



a silicon compound having an alkyi radical of the formula S\(OO.W^y dissolved by an ethyl alcohol, by 
tentatively baking it at 80' C - 120' C and then baking it at about 400 C. Thus obtained neck UJbe 11 was 
placed In the test apparatus as shown in Rgure 3 and the breakdown voltage of the neck tube was 

measured by appiying a voltage. ■ ^ ^. ^ ji 

in the testdevice. the neck tube 11 (Figure 2) was placed with the silica layer 13 d.rerted upwardly 
Results of measurement were shown in Table 3 end the graph of Figure 5. The glass wall thickness was 3.0 
mm (an outer diameter of 32.5 mm) In each of the test products. Tests were conducted ""ler room 
temperature (about 30* C). Voltage was so applied that It was increased to 20 KV in 3 seconds and 10 
seconds were maintained at every step of 2 KV wherein the maximum voltage was 1 00 KV. . 

In Table 3. the test product No. 7 is one without having a silica layer, and the test product No. 8 is 
prepared according to the present invention. 

Tabled 



75 



20 



Sample No7Glass wall thickness: 3 
mm (outer diameter: 32.5 mm) 


• Breakdown voltage 


Number o1 test 
products 


v:(KV) 


MIN. 
(KV) 


MAX. (KV) 


7 . 


78.0 


54.0 


100.0 or higher 


10 


8 


95.4 


80.0 


100.0 or higher 


.10 



25 



90 



3S 



40 



The test product No. 8 with the silica layer at its outer surface showed a remarkable improvemerrt in the 
breakdown voltage strength i.e. 17 KV in terms of the average value and 26 KV in terms of the minimum 
value in comparison with the conventional product No. 7. The fluctuation of the breakdown voltage was 
small as 20 KV. 



EXAfWIPLE 3 

A layer was formed by using the liquid described below in the same manner as. Example 2. 

A sol containing fully hydrollzed siloxane oligomer of a particle diameter of several 100 A order was 
synthesized by mixing 8 mol times amount of ethanol and 11 mol times amount of acidic aqueous soluton 
(pH = 2 -3) with emyl silicate and refluxing the resaltant mixture at about 90 C for 3 hours. The soi was 
used as a coating liquid, and the neck tube with a mask on its inner surface was subjected to d'P-coating at 
a raising rate of 10 cm/min. Then, the neck tube was dried at 60 C for 5 minutes and was baked at 440 C 
Jor 30 minutes. The thickness of the layer thus formed was about 3.000 A. , - . » « 

The breakdown voltage of the neck tube was measured in the same manner as Example 2. A result ot 
the measurement is shown as a sample No. 9 in Table 4. In comparison with « ^^""P^ J' *^ 
breakdown voltage strength was increased by 15 KV in tenns of the average value and 24 KV m terms of 
the minimum value. The fluctuation of the breakdown voltage was small as about 22 KV. 
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EXAMPLE 4 

. An insulating layer was formed by the liquid described below in the same manner as in Example 2 _ 

Ethyl silicate and an equivalent mol amount of Aerosil (a diameter of about 400 A and the density of 2.2 
g/cm3) were added to siloxane oligomer sol fully hydrolized by mixirig 8 mol times amount o< ethanol and 
"l mol times of acidic aqueous solution (pH = 2-3) with ethyl silicate and reflu^ng at about ^O C^^ 
hours, and were fully agrtated. The resultant suspension was treated by an ultrasonic homogenizer to 
prepare a uniform dispersion liquid. With use of the dispersion liquid, meniscus coating wm conducted a 
L outer surface of the neck tube 11 at a coating speed of 20 cm/min. Then, ttie neck tube wasdned at 
60' C for 6 minutes, and it was baked at 440* C for 30 minutes. The thickness of the layer thus fomf^ed was 

Resulte"of the measurement of the breakdown voltage conducted in the same manner as in Example 2 
are shown as sample No. 10 in Table 4. 
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In comparison with the sample No. 7. it showed a remarkable improvement of the breakdown voltage 
strength as 16 KV in average and 28 KV in the minimum value. The fluctuation of the breakdown voltage 
was small as 18 KV. 

( 

EXAMPLE 5 

An Insulating layer was formed by using the liquid described t>€low in the same manner as in Example 
2. An acetic acid was added to water-dispersed colloidal silica having a particle diameter of '130 - 140 A 
and a solid component of 40 weight % and the pH was adjusted to 4 -6. The resaltant mixture was 
dropwisely added to methyltrimethoxysilane or methyltriethoxysilane of the equimolar ratio to silica, and the 
mixture was agitated at the room temperature for more than 4 hours. A small amount of a surfactant was 
cdded and fully agitated to thereby prepare a coat liquid. With use of the coat liquid, meniscus coating was 
conducted at the outer surface of the neck tube 11 at a coating rate of 20 cnVmin. The neck tube was dried 
at lOO'C for 15 minutes, and then vyas baked at 450* C for 30 minutes. The thickness of the layer thus 
formed was about 20 um. The layer was a transparent layer without any scattering. Results of measurement 
of the breakdown voltage conducted in the same manner as In Example 2 is shown as sample No. 11 (an 
outer diameter of 29.1 mm) in Table 4. 

In comparison with the sample No. 2 (an outer diameter of 29.1 mm). It showed a remarkable 
improvement of the breakdown voltage strength as 20 KV in the average value, and 32 KV in the minimum 
value. 

Table 4 



Sample No7Glass wall thickness: 3 
mm (No. 9, 10). 2.5mm (No. 11) 


Breakdown voltage 


• 

Number of test 
products 


V"{KV) 


MIN. 
(KV) 


MAX. (KV) 


9 










(Outer diameter: 32.5 mm) 


93.2 


78 


100 or higher 


10 


10 


(Outer diameter: 32.5 mm) 


93.8 


82 


100 or higher 


10 

■ 


11 


(Outer diameter: 29.1 mm) 


93^ 


80 


100 or higher 


10 



In accordance with the present invention, the breakdown voltage strength to the breakdown of the neck 
tube resulted by a high voltage applied to an electron gun housed in the ncek tube can be remarkably 
improved. Accordingly, it is possible to actuate the electron gun at a high voltage in a stable manner. 



Claims 

1 . A cathode ray tube characterized in that an insulating layer is formed at at least a part of the outer 
surface of a neck tube. 

2. The cathode ray tube according to Claim 1, wherein said insulating layer Is a layer formed by baking 
glass frit. 

3. The cathode ray tube according to Claim 1, wherein said insulating layer is a silica layer, 

4. The cathode ray tube according to Claim 1. wherein said insulating layer is a layer obtained by 
coating and baking a sol prepared by dispersing one or two or more metal alkoxides and metal salts in a 
hydrophilic oligomer state by adding water and an acid to a solution having one or two. or more metal 
alkoxides and metal salts dissolved in an organic solvent such as an alcohol. 

5. The cathode ray tube according to Claim 1. wherein said insulating layer is a layer obtained by 
coating and baking a liquid prepared by dispersing fine metal oxide particles having an OH radical at the 

8 
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surface in a sol containing one or two or more metal alkoxides and metal salts in a hydrophilic oHgomer 
by adding water and an add to a solution having the metal alkoxides and one or two metal salts 

dissolved in an organic solvent such as an alcohol. ■ - ^ w . 

dissolved in a ray tube according to Claim 1. wherein said insulating layer .s a layer ob amed by 

5 coatino and baking a liquid having line metal oxide particles dispersed in a Polys»loxane obtained by 
Smeri'?ng a trifLtioJal alkoxidJ having an organic radical of the formula RSi (OR ). where, r ^ a 
mSl radical or an ethyl radical and R is a methyl radical, an ethyl radical or a phenyl ^a<l.cal) or m a 
poiUloxane obtained by copolymerizing said ' trifunctional alkoxide with a bitunctional aIkox.de of the 
tori^^n^l (OR'h (Wherein R' is a methyl or an ethyl and R Is a methyl radical, an ethyl radical or a 

,0 P^"y*;;^'^^^^^ ^^^^ ^^^^^^^^ ^ Claim l. wherein said insulating layer is fomied at the. outer 
surface of said neck tube to have a length In a range of 10 - 50 mm around an end of an inner conductive 
coating formed on the inner surface of said neck tube. 
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FIGURE I 
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